Background: The CDC established a national objective to create population-based tracking of immunizations through regional and statewide registries nearly 2 decades ago, and these registries have increased coverage rates and reduced duplicate immunizations. With increased adoption of commercial electronic medical records (EMR), some institutions have used unidirectional links to send immunization data to designated registries. However, access to these registries within a vendor EMR has not been previously reported.
Introduction
Since their inception nearly 20 years ago, immunization registries have been shown to increase vaccine coverage rates and decrease duplicate immunizations. [1] [2] [3] The CDC provides funding for immunization information system (IIS) programs in all 50 states. 4 As part of the Health Information Technology for Economic and Clinical Health Act (HITECH) of 2009, providers with electronic medical records (EMRs) are encouraged to submit electronic immunization data to IISs to achieve meaningful use. [4] [5] [6] Many institutions have established unidirectional interoperability by which their EMR immunization records are uploaded to a designated registry-thereby preventing the need for staff to manually update each patient chart in the registry.
5-1 Bidirectional interoperability is preferable as it would allow accurate immunization data from the IIS to be sent directly to the hospital's or practice's EMR, however integration is expensive and difficult to implement. 11 Visual integration into the EMR with context-sensitive access can meet clinician needs without the expense of bidirectional data integration.
Lucile Packard Children's Hospital (LPCH) has a strong history of developing informaticsenabled innovations.
12-16 LPCH had not, however, previously participated in the statewide immunization registry, the California Immunization Registry (CAIR), largely due to concerns for duplication of efforts by clinical staff who would need to manually enter the same data in both the vendor EMR and the IIS. The previous system was paper-based and involved scanning copies of the patient records in to the EMR. No immunization information was tracked directly in our EMR. This information was not complete and only contained data for those immunizations recorded at LPCH.
The few published reports on bidirectional registries involved Health Level 7 (HL7) web service, which have not been widely replicated given that the technical work involved is far greater and difficult to sustain. 17, 18 Decision support services in the EMR are much more limited as the compared to those native in the registries. Our team's goal was to develop a visually integrated interface by which clinical staff could quickly and easily access the registry to evaluate a patient's immunization history from within our EMR. It was hypothesized that initiating the association between LPCH and CAIR would add to the number of patients included in the IIS, increase provider utilization of this tool, and improve provider satisfaction and perceived efficiency.
Methods

Integration
Creation of the visually integrated registry interface within the vendor EMR required two different efforts. The first was to upload hospital immunization data to the IIS, transferring nightly any new immunizations recorded at LPCH using HL7 code. Historical data, including all immunizations previously ordered using Computerized Physician Order Entry (CPOE) from, were also uploaded. The second aspect was to create a "smart link" -a web-based icon in the "Patient Summary" area of the chart that directs providers to the CAIR registry site. (Figure 1 ). Clicking this link sends patient identifiers to the CAIR database, using an institutional login to access the patient's CAIR chart. The CAIR interface includes both immunizations from LPCH data uploads and any others added to the database by outside institutions, as well as its native decision support tool. (Figure 2 ). The new interface was implemented at the end of the 2011 calendar year. 
Survey
Healthcare providers at LPCH were electronically surveyed several months prior to the rollout of the tool with regards to their satisfaction with the prior paper system and their use of the statewide registry (n=41). All LPCH residents, General Pediatrics attending physicians, primary care clinic nurses and nursing assistants were invited to participate. The providers were again asked to participate in a follow-up survey 4 months after the rollout (n=41). A brief, 7-item survey, including multiple-choice and free-response questions, was developed to assess the provider's use of CAIR, perceived impact on their workflow, and satisfaction with the hospital's immunization recording systems (Appendix). R for Mac (The R Foundation for Statistical Computing, Vienna, Austria) was used to perform Fisher's exact test for categorical variables, and the Wilcoxon Rank Sum test to compare the distribution of satisfaction ratings.
This project and study were done as part of quality improvement measures and thus IRB approval was not required.
Results
Figure 3 exemplifies that use of this tool has increased incrementally during the first 4 months following implementation. Data from LPCH was uploaded to the CAIR database starting in December 2011-sharing all previously ordered immunizations and any immunizations ordered using CPOE after that date. Over 20,000 new immunization records-both historic and recentwere successfully inserted into the CAIR database since initiation.
Forty-one independent providers responded to each of the pre-and post-surveys as seen in Table  1 . There was a slight statistical difference of the demographic distribution, as more attending physicians participated in the post-survey. Responders indicated increased usage of the registry following interface implementation (p = < 0.001). Of the providers surveyed, the majority had never accessed CAIR prior to the availability of the link. Afterwards, the number of providers who had accessed CAIR significantly increased (p = < 0.001). Although, the majority of our respondents were physicians, the primary care clinic nursing staff reported the most frequent use of the tool.
Overall provider satisfaction increased slightly (p = 0.009), however, the majority of providers (56%) perceived that the smart link improved their efficiency (Figure 4) . 68% of the surveyed providers felt that the smart link increased the likelihood that their patients' immunization record was up to date ( Figure 5 ). 
Discussion
Few published examples of bidirectional interfaces between EMRs and immunization registries exist, and to the authors' knowledge, none about visual integration within a vendor EMR.
17, 18
The HITECH act lays out objectives in order to promote EMRs and their meaningful use in 3 successive stages. In order to receive economic incentives, each stage of criteria must be met, including those related to electronic data sharing with IIS. 5, 6, 11, 19 While unidirectional interoperability is all that is required under HITECH, visual integration of the registry is a significant enhancement because institutional immunization data is not only shared with the registry, individual patient data is easily accessible by providers within their workflow. 11 These data suggest that use of CAIR among providers at LPCH has increased since the introduction of the interface to the EMR and a significant increase in the link utilization in the months since implementation is shown. An IIS is only as robust as the information it receives and the amount it is utilized. 20 The CDC hopes to have >95% of children under 6 included in an IIS by the year 2020, 21 a goal that will require participation of many additional institutions. Given the parallel federal incentives to implement EMR systems, many institutions are similarly hesitant to participate in an IIS due to concerns about extra work for staff.
22, 23
The interface implemented at LPCH is a web-based link, which preserves the sanctity of the registry database while improving provider workflow. System maintenance is relatively minimal once the algorithms are established. This link was established in a vendor-based system, which could be utilized by many other institutions. The only previously reported of bidirectional interface in NYC was with two smaller EMRs, both internally developed. 17, 18 Providers at LPCH indicated that having the link increased the likelihood that their patients' immunization information was up to date, as well as their overall efficiency. 
OJPHI
Although this study has a relatively small sample size, the authors feel that the responses reflect the general consensus of primary care providers at LPCH. Despite the slight difference in the demographics of the pre-and post-survey groups, it is unlikely that these differences bias the main outcome measures of this study. Another limitation is that the outpatient clinics at LPCH
have not yet started utilizing CPOE to order immunizations, so the data shared with the IIS is currently limited to hospitalized inpatients, including newborns in the well baby nursery and obstetric patients. However, given that the link allows access to the entire registry's data set and not just patients who have had immunizations documented at LPCH, its integrated nature makes it useful for providers (both inpatient and outpatient), who are able to examine records from patients' seen at other area clinics.
Conclusions
The successful implementation of a unidirectional interface between a commercial EMR and the California state immunization registry with visually integrated universal access has resulted in significant enhancement in the comprehensive nature of patient immunization records at this hospital.
It is the authors' hope that this example will serve to inspire other institutions with vendor-based EMR systems to implement similar interfaces for the good of all communities and patients.
